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a  b  s  t  r  a  c  t
Coronary  endarterectomy  is an  old  surgical  procedure  against  coronary  artery  disease  ﬁrst  described  by
Baily et  al. in  1957.  Despite  its  ﬁrst  adverse  results,  several  current  publications  have  shown  that  coronary
endarterectomy  with  on-pump  or off-pump  coronary  artery  bypass  grafting  can  be safely  performed  with
acceptable  mortality,  morbidity,  and  angiographic  patency  rates.  Coronary  endarterectomy  can  assure
complete  revascularization  supplying  the  myocardium  with  satisfactory  blood  ﬂow  in  cases  of a  diffuselyeywords:
oronary endarterectomy
iffuse coronary artery disease
iffuse coronary calciﬁcation
omplete revascularization
diseased  left anterior  descending  artery  or diffuse  calciﬁcation,  thus  preventing  residual  ischemia.  Hence,
it is  important  to evaluate  current  results,  rethink  this  old recipe,  and  redeﬁne  its  indications.
© 2014  Japanese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All  rights  reserved.esidual ischemia
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ntroduction
Complete revascularization of coronary arteries, and mainly of
he left anterior descending artery (LAD) which plays a signiﬁcant
ole in terms of postoperative outcomes, is the primary objective
n coronary artery bypass grafting (CABG). Nowadays, more and
ore patients having stenoses in one or two coronary vessels tend
patients with diffuse CAD cannot be safely and successfully treated
by standard CABG [4]. Therefore, several techniques including
coronary endarterectomy, which involves the removal of the
atherosclerotic core from the coronary artery lumen through an
arteriotomy [5], have been proposed to expand surgical possibili-
ties.
Baily et al. [6] were the ﬁrst to describe coronary endarterec-
tomy as a treatment against CAD without using CABG in 1957.o be treated by percutaneous coronary intervention (PCI) [1].
s a result, diffuse coronary artery disease (CAD) is more likely
mong patients referred for CABG [2,3]. However, up to 25% of
∗ Corresponding author at: Zilon 12, Rizoupoli 11142, Athens, Greece.
el.: +30 6945046726; fax: +30 2651099679.
E-mail address: nikppk@yahoo.gr (N.A. Papakonstantinou).
ttp://dx.doi.org/10.1016/j.jjcc.2014.02.005
914-5087/© 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reHowever, its accompanying morbidity and mortality overshad-
owed its success in angina relief [6]. In particular, endarterectomy
of the LAD was  considered technically difﬁcult [7–9] and it ini-
tially appeared to be accompanied by high operative mortality
and perioperative myocardial infarction [10–13]. Hence, coronary
endarterectomy indications were restricted to those patients with
diffuse CAD [14]. Since that time, several publications have shown
that coronary endarterectomy either with on-pump CABG [15,16]
served.
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r with off-pump CABG can be safely performed [17,18] and is
ssociated with favorable long-term outcomes [16,19–21].
echniques
There are two different approaches to perform coronary
ndarterectomy: a closed and an open one. Nevertheless, it is not
lear which is the optimal technique [22]. There is a common point
hen these two approaches are compared. An arteriotomy of the
oronary vessel to remove the atherosclerotic plaque is necessary
n both of them [14]. In the closed technique, a smaller arteriotomy
s needed to remove the atherosclerotic plaque by applying gentle
teady traction on it proximally and distally [1,23]. Two  concur-
ent arteriotomies can also be used for coronary endarterectomy
o make the procedure faster and shorten ischemic time [24]. The
losed technique is shorter and the anastomosis of the graft is easier
25], but occurrence of the snowplow effect – occlusion of the dis-
al LAD and its side branches – due to insufﬁcient endarterectomy
s more possible [26]. Despite gentle traction applied on the proxi-
al  part of the atheromatous core in LAD, its distal part in diagonal
ranches and septal perforators may  be torn off forming an intimal
ap. As a result, occlusion of the lumen may  occur distally due to a
hrombus or dissection [1,24,27].
On the contrary, when the open approach is applied, a longitu-
inal arteriotomy is performed on the coronary vessel beyond the
imits of the atheromatous plaque and the atherosclerotic plaque is
ifted off [22]. Then, an on-lay patch anastomosis to the LAD derived
rom the internal thoracic artery or saphenous vein graft, which is
pened to the appropriate length, is performed [23,28]. Alterna-
ively, a longitudinally opened saphenous vein patch can be sewn in
lace of the arteriotomy and then the left internal thoracic graft can
e anastomosed entirely to the vein patch [4]. Although this method
akes more time, the atheromatous plaque is removed under direct
ision, so the openings of the side branches and of the distal end
f the LAD can be directly checked. Moreover, if a dissection of the
ntima of the distal LAD happens, it can be ﬁxed to secure the distal
ow [1].
Consequently, although the open technique takes more time
1,14], it prevents intimal ﬂap formation and therefore avoids
esidual obstruction [14,23]. Therefore, provided that the open
echnique is used, the quality is guaranteed [14]. According to
he results of Nishi’s study [28], comparing the open method
ith the closed one, open endarterectomy is superior to the lat-
er. Patients who underwent open endarterectomy had a lower,
lthough non-signiﬁcant perioperative mortality. However, this
roup was associated with statistically signiﬁcantly better long-
erm results. The ﬁve-year survival rate was 90.7% in the group
f open endarterectomy, whereas it was 74% for the group of the
losed technique. Moreover, the open method was also associated
ith better results in terms of morbidity, as 85.2% of patients openly
ndarterectomized compared to 76.6% of patients endarterec-
omized with the closed method suffered neither from angina nor
rom congestive heart failure during the follow-up [28]. There-
ore, it can be assumed that although time-consuming, the open
pproach is the best method of endarterectomy.
ndications
Although the efﬁciency of coronary endarterectomy is doubted
28–33], it constitutes an additional treatment in cases of diffuse
AD and severe calciﬁcation of coronary arteries [14]. In cases of
iffuse CAD, affected side branches (diagonal and septal branches)
btain sufﬁcient blood ﬂow when endarterectomy is efﬁciently per-
ormed. However, conventional CABG with a distal anastomosis to
AD itself is not sufﬁcient to supply blood to side branches andf Cardiology 63 (2014) 397–401
residual angina is possible. Moreover, neither intense calciﬁcation
nor soft atherosclerotic plaques are contraindications to obtain a
satisfying anastomosis after coronary endarterectomy [1]. On the
contrary, if a simple anastomosis was  performed in the latter case,
plaque rupture resulting in emboli formation would be possible
[1]. Therefore, coronary endarterectomy has evidence when dif-
fuse atherosclerosis affecting side branches exists [1,5] and when
severe calciﬁcations of the LAD prevent the performance of a sim-
ple anastomosis of the left internal thoracic artery graft to the LAD
[1,4]. Preoperative coronary angiographic ﬁndings such as lumi-
nal diameters smaller than 1 mm [1], obstruction and pinching
of the side branches in multiple sites, and an uneven and diffuse
thread-like appearance can constitute indications for endarterec-
tomy [24]. However, the ﬁnal decision to perform endarterectomy
is made intraoperatively when the aforementioned ﬁndings are
noted [1,14,23,24].
Anticoagulation protocol
After coronary endarterectomy, the lack of the endothelium
leads to coagulation cascade activation by the subendothelial mate-
rial exposed to blood ﬂow [1,4,34]. Therefore, strict antiplatelet and
anticoagulation management is required [1]. However, no standard
anticoagulation protocol after coronary endarterectomy exists [22].
Heparin infusions followed by warfarin for several months are rec-
ommended by several authors [23]. Postoperatively, intravenous
heparin, 100 mg  of aspirin per day, and warfarin are adminis-
tered. The systematic administration of heparin is continued until
warfarin is effective (meaning an international normalized ratio
between 2.0 and 2.5). After 3 months, warfarin is also discontin-
ued for aspirin [1,4,14,28]. A preoperative or intraoperative dose
of clopidogrel followed by postoperative aspirin and clopidogrel
administration is another anticoagulation scheme used after coro-
nary endarterectomy [23].
Safety of coronary endarterectomy
Residual disease due to incomplete revascularization is asso-
ciated with high operative and late mortality after CABG.
Perioperative and late myocardial infarction rates and reopera-
tion rates are also increased after incomplete revascularization.
Moreover, when revascularization is incomplete, symptoms are not
completely relieved and there is an adverse impact on left ventri-
cular functional reserve. All these deleterious effects of incomplete
revascularization on survival are more intense when the LAD is
incompletely revascularized [24]. Coronary endarterectomy, par-
ticularly of the LAD, can successfully be performed with diffuse CAD
[35,36], as it can achieve complete revascularization and prevent
all the aforementioned deleterious effects [24].
Although endarterectomy has been described to multiple ves-
sels, single-LAD endarterectomy is preferred as LAD can be easily
visible along nearly all its length, its adequate stabilization is
easier, and less displacement of the heart is needed to reveal it
during off-pump CABG [23]. However, excellent short-term clin-
ical and angiographic results accompany right coronary artery
(RCA) endarterectomy according to Erdil et al. [37]. Moreover,
no additional morbidity or mortality is associated with RCA
endarterectomy when compared to non-endarterectomized RCAs
during RCA bypass [37]. But is coronary endarterectomy a safe pro-
cedure?
Overall, hospital mortality rate ranges from 2.0% to 6.5% in
international literature [16,19–21,25,29,30,38–40]. However, the
mortality after CABG along with endarterectomy appears to be
higher compared to that after conventional CABG because of
the associated comorbidities and risk factors rather than the
rnal of Cardiology 63 (2014) 397–401 399
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ndarterectomy itself [1]. Furthermore, perioperative myocardial
nfarction, which is one of the most severe problems dur-
ng coronary endarterectomy, is limited to 1.5–8% of patients
4,19,25,28,30,32,33,39–42]. Finally, late graft patency rates after
oronary endarterectomy range from 40% to 81.5% [19,28,30–32].
owever, single endarterectomy is safer than double endarterec-
omy [43]. When the RCA is endarterectomized in addition to
he LAD or a diagonal branch is endarterectomized in addition
o the RCA, early mortality is increased. Postoperative myocar-
ial infarction is also increased when a second coronary vessel is
ndarterectomized, no matter which coronary vessel is involved
43]. Subsequently, this article will introduce you in detail to the
esults of some studies including patients who underwent coronary
ndarterectomy (Table 1).
Among 12 patients who underwent off-pump endarterectomy,
ncluded in Takahashi et al.’s [23] study, hospital mortality was
ero. Conversion to on-pump CABG was required in one patient
hose LAD could not be stabilized adequately. Red blood cell
ransfusion was necessary in eight patients (67%). Postoperative
orbidity was minor including no postoperative and perioperative
yocardial infarctions and strokes, two cases requiring reopera-
ion due to bleeding, two cases with transient postoperative atrial
brillation, and one case with respiratory failure requiring a tra-
heostomy. The intensive care unit stay was prolonged provided
hat all of the patients suffered from diffuse CAD. Postoperative
ollow-up (mean 24 ± 19 months; range 1–53 months) revealed
either early nor mid-term ischemic events [23]. In the Department
f Thoracic, Cardiac and Vascular Surgery of Goettingen Univer-
ity in Germany, coronary endarterectomy combined with CABG
as performed in 104 patients in about four years [14]. The proce-
ure was performed only in cases with occluded, nearly occluded,
r calciﬁed vessels, the anastomosis of which was technically
mpossible. One hundred patients received complete follow-up
24.5 ± 13.4 months). Coronary endarterectomy was performed on
CA in 55 patients, on LAD in 52 patients, and on circumﬂex artery
n 7 patients. Hospital mortality was 5%. There were 3 myocardial
nfarctions during operation time, 18 bronchopulmonary compli-
ations, 3 patients suffering from sternal infection, and 2 patients
ith sepsis. The overall infection rate was 18%. During follow-
p, eight patients died (three due to cardiac failure, one due to
troke, one due to cancer, and three because of unknown reasons).
inally, both New York Heart Association (NYHA) and Canadian
ardiovascular Society (CCS) classiﬁcations clearly improved after
he implementation of CABG with coronary endarterectomy [14].
nother study included 148 patients who underwent coronary
ndarterectomy of the LAD at the Shin-Tokyo Hospital and the
akakibara Heart Institute between April 2001 and March 2008 [1].
ff-pump CABG was performed in 81.8% of them. Mortality rate
as 2.7% (n = 4). Morbidity rates were also acceptable, including
ow cardiac output syndrome in 9 patients (6.1%), 18 postopera-
ive myocardial infarctions (12.2%), 10 cases of respiratory failure
6.8%), re-exploration for bleeding in 5 patients (3.4%), 4 strokes
2.7%), 5 patients who required hemodialysis (3.4%), 5 cases of
ediastinitis (3.4%), and 38 cases of atrial ﬁbrillation (25.7%). Early
ostoperative angiography revealed complete patency of both the
eft internal mammary artery and LAD in 94.0% of the 134 patients
ho underwent angiography. One of the remaining eight patients
ith anastomosis failure suffered perioperative myocardial infarc-
ion, but the mortality was zero. Comparing preoperative with
ostoperative left ventricular ejection fraction in 139 patients
93.9%) revealed no signiﬁcant difference [1]. Fundarò et al. [5]
tudying 13 patients who underwent an open LAD endarterec-
omy and 5 patients who underwent an open right coronary artery
ndarterectomy observed no early or late postoperative mortal-
ty. No adverse postoperative events were noted either, apart from
 perioperative myocardial infarction, but not in the area of the Ta
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ndarterectomized vessel. Angiographic assessment between the
th and the 15th postoperative day in 16 patients showed one
losed graft after LAD endarterectomy. Follow-up, ranging from
 to 15 months, showed complete angina relief in all but the
ast mentioned patient [5]. In another study including 37 patients
ho underwent LAD endarterectomy, a 2.7% operative mortality
ate (n = 1) and one case of perioperative myocardial infarction
ere observed [24]. In another group including 61 patients who
nderwent right coronary artery endarterectomy, a 3.3% opera-
ive mortality rate and a 4.9% perioperative infarction rate were
bserved. Follow-up (14–55 months) revealed one patient’s death
hose preoperative ejection fraction was 27%. The patient died ﬁve
onths after CABG due to congestive cardiomyopathy. Two cases
f anterior wall myocardial infarctions at 10 and 16 months after
peration were also observed. On the contrary, anterior segmen-
al and global left ventricular functional reserves were intact 20
onths postoperatively in all the remaining 35 patients, suggest-
ng patent grafts and endarterectomized LAD arteries [24]. Finally,
27 patients with diffuse CAD underwent CABG with coronary
ndarterectomy between January 1994 and April 2003 at Osaka
ity General Hospital [28]. This study recommended that coro-
ary endarterectomy is related to an acceptable operative risk as
ix deaths (4.7%) were noted, whereas four patients (3%) suffered
 perioperative myocardial infarction. Infection was observed in
ix cases, six patients required re-exploration for bleeding, and
nly two patients suffered a cerebral vascular accident. Moreover,
ntraaortic balloon pump was necessary in 21 patients (17%) and
0 late deaths occurred [28] (Table 1).
onclusions
In conclusion, coronary endarterectomy appears as a valu-
ble surgical option in the face of diffuse CAD when complete
evascularization cannot otherwise be obtained [1], although
nly highly experienced surgeons should perform this proce-
ure, as it is not technically simple [14]. Moreover, acceptable
ortality, morbidity, and angiographic patency rates accom-
any coronary endarterectomy, regardless of the coronary vessel
ndarterectomized [1,5,14,28,37]. However, patients’ prognosis is
igniﬁcantly worsened by a second endarterectomy [43]. Overall,
oronary endarterectomy should not replace CABG, but it is an
djunctive to CABG treatment and it is not appropriate for each
atient undergoing bypass surgery [14]. Coronary endarterectomy
hould be applied only when the artery to be endarterectomized
upplies blood to a coronary bed of at least moderate size so that
ncomplete revascularization would result in residual angina [28].
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